Background: Although reducing socioeconomic inequalities in depression is necessary, their associated factors have rarely been studied. This study aimed to screen the potential contextual factors associated with income-based inequality in older adults' depression. Methods: Using data from the Japan Gerontological Evaluation Study (JAGES) of 2013, we conducted an ecological study covering 77 communities in Japan. Our measures of socioeconomic inequalities in depression were the slope index of inequalities (SII) and the relative index of inequalities (RII) of the prevalence of depressive symptoms across three income levels. We categorized available community-level factors, including socio-demographic factors, social participation, social relationships, subjective changes in the residential area, and the built environment. These indicators were aggregated from individual responses of 51,962 and 52,958 physically independent men and women, respectively, aged 65 years or more. We performed multiple linear regression analyses to explore factors with statistical significance of a two-tailed P-value less than 0.05. Results: Factors associated with shallower gradients in depression for men included higher participation in local activities and reception or provision of social support, which did not show significant association among women. Perceived increases in unemployment and economic inequalities were positively associated with larger inequalities in both genders (P < 0.05). The built environment did not indicate any significant association. Conclusions: A community environment fostering social activities and relationships might be associated with smaller incomebased inequalities in depression. There is a need for more deterministic studies for planning of effective community interventions to address socioeconomic inequalities in depression.
INTRODUCTION
Depression among older people is a known risk factor for suicide, 1 a decline in daily living activities, 2 poor quality of life, 3 and poor disease prognosis. 4 Studies from Japan and many parts of the world have revealed that depression is more prevalent among low-income and other socioeconomically vulnerable groups. 5, 6 Depression is associated with neighborhood contexts. Community-level factors potentially causing depressive symptoms include income inequality, 7 neighborhood crime, unsafe traffic, and unwillingness to support each other. 8 However, these data do not explain socioeconomic inequalities in the prevalence of depressive symptoms. To the best of our knowledge, there are no studies examining the association between community-level factors and socioeconomic inequalities in depressive symptoms. Identifying community-level factors explaining the levels of inequalities in depression is essential for the development of strategies to reduce the inequalities.
We hypothesized two possible reasons why neighborhood factors affect socioeconomic inequalities in mental illness. First, people with a lower income have less access to resources to maintain their health, which is presumably more likely in resourcescarce community settings. For example, they may be likely to experience delays in care and unmet medical needs, and to have fewer opportunities for social participation, due to unequally distributed services. 9, 10 Second, community social cohesion may be more beneficial for socioeconomically vulnerable populations, by facilitating collective action, mutual support, and informal social control, potentially resulting in more effective allocation of resources that are necessary for maintaining good mental health.
Therefore, using large-scale data from a survey on Japanese older adults, we performed an ecological study to explore the community factors associated with the amplitude of incomebased inequalities in depressive symptoms among older adults. We aimed to identify possible=hypothetical factors, to be followed up with a more detailed study on the community environment and depression-related inequalities.
METHODS Data
We used data from the 2013 survey of the Japan Gerontological Evaluation Study (JAGES). In the study, we conducted a mail-in survey of individuals aged 65 years or older, who were not receiving any benefits from public long-term care insurance. Participants were randomly selected from 16 large municipalities through multistage sampling and, in addition, all eligible individuals were selected from 14 small municipalities. We distributed 193,694 self-reported questionnaires and received 137,736 (response rate = 71.1%). After excluding the data of subjects whose information on municipality (n = 561) or household income (n = 26,531) were missing, we used the data of 51,962 men and 52,958 women. Subjects receiving public financial assistance have access to medical care without outof-pocket payment, which may result in a specific pattern of depression prevalence among them. However, we did not exclude such subjects because we confirmed that their prevalence of depressive symptoms was not lower than that of the lowerincome group overall (23.6% and 11.4%, respectively). Among the 30 municipalities, four municipalities with large populations (ie, metropolitan cities) were divided into smaller administrative wards. This created a total of 77 communities in our data.
We extracted information on population density and the proportion of the population aged 65 years or more from the database of the Statistics Bureau in Japan. 12 
Measurement

Dependent variables
For the dependent variables of this community-level ecological study, we calculated multiple measures representing withindistrict income-based inequalities in the prevalence of depressive symptoms among men and women. We assessed depressive symptoms using the Japanese short version of the Geriatric Depression Scale (GDS-15) developed for self-administrative surveys. 13, 14 We used a cut-off score of 10, with scores ≥10 indicating severe depressive symptoms, which would account for about 11.3% of community-dwelling Japanese elderly subjects. 3, 15 A validation study has shown that a cutoff score of 9=10 on the GDS-15 for community dwelling older adults in Iran had a sensitivity of 0.82, specificity of 0.86, positive predictive value (PPV) of 0.41, and negative predictive value (NPV) of 0.98 for major depressive disorder diagnosis based on the Composite International Diagnostic Interview (CIDI). 16 We calculated the prevalence of severe depression by communities, gender, and income tertile, with adjustment for age distribution using direct standardization. As for income, we asked respondents' annual household pre-tax income. We divided the household income by the square root of the number of family members and converted to equalized household income to facilitate consideration of household composition.
Independent variables
For the independent variables, we selected basic sociodemographic factors and modifiable local community factors, including social participation, social relationships, perceived changes in residential areas, and the built environment in each community. These factors were selected based on the JAGES Health Equity and Response Tool (JAGES HEART). 17 The JAGES HEART was developed for benchmarking health statuses at the community level among older populations. 18 Basic socio-demographic factors include the percentages of people with low income (less than 2 million yen for equivalized household income, following a previous report by the JAGES group 5 ) and low education levels (less than 9 years); the proportions of the population aged 65 years or more, of older people who live alone, and of people reporting a history of diseases previously reported to be associated with depression (stroke, heart disease, diabetes mellitus, cancer, dementia, and Parkinson's disease); and population density by inhabited area.
As for social relationships and social participation, we chose multiple indicators articulating these concepts. For structural social capital, we used the proportion of subjects who reported previous participation in the following local activities several times per year or more: "volunteers' group", "sports group or club", "leisure activity club", "senior-citizen club", "neighborhood association or residents' association", "study or cultural group", "nursing care prevention or health-building activities", "activities to teach skills or pass on experience to others", "local events", "activities to support older people requiring protection", "activities to support older people requiring nursing care", "activities to support parents raising children", and "neighborhood beautification activities." For social relationships, we used the proportion of people who reported having friends to meet, having someone to receive emotional or instrumental social support from or to provide such support for, trusting people in the area in general, thinking that people in the area try to help each other, being attached to the residential area, and co-operating in daily life with neighbors. When selecting these variables, we referred to the definition of community social capital as "resources that are accessed by individuals as a result of their membership of a network or a group." 11 We used the Gini coefficient to evaluate within-community income inequality. 19 The precise definitions of each variable are described in eTable 1.
Health inequality measures
To monitor health inequalities, a study has recommended use of not only simple measures of differences and ratios of health indicators across socioeconomic groups, but also more sophisticated indicators. Among those alternative indicators, the slope index of inequality (SII) and the relative index of inequality (RII) are recommended, as they have advantages in precision and comparability. 20 Thus, for this study we used the SII and the RII, as well as differences and ratios of depressive symptoms' prevalence. The SII and the RII require the assumption of linear and monotone associations between income levels and depressive symptoms. To calculate the SII, each social group is first ordered from lowest to highest on the x-axis with the cumulative distribution of the population. Then, health status (y i ), which is the mean score of each group, is plotted above the midpoint of its range in the cumulative distribution in the population of each socioeconomic category (x i ). The SII is the regression coefficient (β 1 ) for y i (= β 0 + β 1 x i ). 21 The RII is a relative measure derived from the SII divided by the mean of the health parameter. The SII Haseda M, et al. can be interpreted as the estimated absolute difference in health status across the entire distribution of social groups. The advantages of these indices include accounting for changes in the population distributions in the social groups over time and the utilization of information across entire social groups. We used Health Disparity Calculator version 1.2.4 (National Cancer Institute, Rockville, MD, USA). 22 
Statistical analysis
We performed linear regression analyses and sought out factors with the statistical significance of two-tailed P-values less than 0.05. Considering that community factors might affect men and women differently, as reported in previous studies, 23, 24 we performed stratified analyses by gender. We adjusted for basic community compositional characteristics that potentially confounded to our analyses: the proportions of the population aged 65 years or more, the proportions having a low income (less than 2 million JPY for equivalized household income), the proportions having a low education level (9 years or less), the proportions of older people living alone, the proportions having a history of diseases associated with depression, and population density. We evaluated variance inflation factors (VIF) to prevent strong multicollinearity.
To confirm robustness, we performed sensitivity analyses, using an alternative cut-off value (5 points, representing mild depressive symptoms) for the GDS-15. 25 We used Stata version 14.1 for these statistical analysis (Stata Corp., College Station, TX, USA). 
Ethics approval
RESULTS
Overall, the prevalence of depressive symptoms was high among low-income participants. Age-adjusted prevalence of depressive symptoms in the total population was 12.2% in men and 10.7% in women, 7.2% in men and 5.5% in women, and 3.2% in men and 3.0% in women in the low-, middle-, and high-income groups, respectively (Table 1) . We found wide between-community variations in within-community inequality with regard to depressive symptoms ( Figure 1 ). We also identified large variations in the variables representing community characteristics ( Table 2) . 
Community Status and Depression Disparity
Among men, communities with high social participation in various activities were inversely associated with inequalities in the prevalence of depressive symptoms (Table 3) . Adjustment for covariates attenuated these associations, but participation in sports clubs=groups, senior citizens' clubs, and cultural activities remained significantly associated with the SII. Participation in sports clubs was also significantly associated with the RII. Similarly, most social relationship indicators were inversely associated with the SII and the RII. Specifically, social support indices-both their provision and reception-were strongly associated with the SII, even after adjusting for covariates. For example, the adjusted standardized coefficient (β) for the percentage of reception of instrumental social support was −0.55 (P = 0.008). Compared to this, the associations of perceived changes in community characteristics with the SII and the RII were weaker, with a few exceptions. The percentage of participants perceiving increased poverty was positively associated with high SII (adjusted β = 0.24, P = 0.06); this was also true for increased unemployment (adjusted β = 0.31, P = 0.03) and widening income inequality (adjusted β = 0.23, P = 0.09).
For women, overall, a similar tendency in those associations was observed, but the associations were weaker than those obtained for men. Within social participation, participation in sports clubs=groups was inversely associated with the SII (adjusted β = −0.42, P < 0.001), but it was strongly attenuated by covariate adjustment (Table 4 ). Among the variables on perceived community changes, perceiving increased poverty (adjusted β = 0.23, P = 0.06) and widening income inequality were somewhat strongly associated with inequality in depressive symptoms (adjusted β = 0.32, P = 0.01), whereas an increase in employment was inversely associated (adjusted β = −0.32, P = 0.02 for RII).
For both genders, multiple adjusted regression did not show a clear association between the perceived built environment and inequality in depressive symptoms.
We confirmed that VIFs were less than 5 in all the regression models reported above. Sensitivity analysis with the alternative GDS cut-off also indicated similar associations (eTable 2).
DISCUSSION
Our analysis found that a higher prevalence of participation in local activities was inversely associated with income-based inequalities in depressive symptoms for men at the community level, an association which was most prominent for sports clubs= groups. Similarly, more exchanges in social support were also associated with less inequality in depressive symptoms among men. Conversely, a perceived increase in unemployment, poverty, and economic inequalities was associated with large inequalities in depressive symptoms among men and women. We did not obtain clear evidence on the association between the built environment and inequalities in depressive symptoms in either gender.
The inverse association between rich social participation and social support and less inequality in depressive symptoms for men was intuitive. Social participation could provide more opportunities for social connections=networks, which provide social support. [26] [27] [28] Extensive empirical evidence is available on the beneficial health effects of social participation, 29 networks, 13, 30 and support. 31 Evidence suggests that some contextual characteristics (eg, community social capital) may increase opportunities for enriching social relationships. 32 A community in which there are plenty of local activities could provide more opportunities for maintaining mental health. Our findings suggest that these effects may be stronger for socially vulnerable people, resulting in less depression inequality. Alternatively, our measure of those social conditions may simply show compositional associations. That is, communities in which there were more people participating in local activities were less poor and Haseda M, et al. All factors were adjusted for age.
Adjusted for the proportion of the population aged 65 years or more, the proportion of people who live alone, the proportion of people who reported a history of diseases associated with depression, and population density of inhabited region. Community Status and Depression Disparity depressed, resulting in narrower income gaps and, in turn, less income-based inequality in depressive symptoms. However, given the small association between income inequality and depression inequality, compositional associations would not fully explain these results. The remarkable association between participation in sports groups=clubs and less inequality in depression among men is interesting, suggesting the importance of types of community groups. Using principal component analysis, Aida et al have categorized community activities into horizontal and vertical groups. The former includes groups relating to sports, hobbies, volunteering, and citizens' and consumer associations, while the latter includes organizations for political matters and industrial, professional, religious, and local neighborhood associations. 33 Using the JAGES data, Kanamori et al suggest that participation in sports clubs=groups may have stronger protective effects for long-term care than simply engaging in physical activities alone. 34 Group-based sports activities may play a role, due to the social capital, which may in turn contribute to health. Taken together, our findings could mean that horizontal groups, such as sports groups, may be more beneficial for the mental health of socially vulnerable populations, compared to vertical groups, such as neighborhood associations.
Potential associations between more depression inequality and perceived community macroeconomic deterioration in terms of increasing unemployment, poverty, and income inequality are also reasonable. Stresses due to unemployment and poverty are known risks for the depressive state. 35 Our findings may mirror the increase in mental illness due to economic hardships. Moreover, social participation is evidently less in areas where there are large income inequalities; this may provide an alternative explanation for the link between income inequalities and mental health. 36 We did not find clear evidence on the association between the built environment and depression inequality. A recent systematic review concluded that there is insufficient evidence to enable clear recommendations of environmental interventions aiming to reduce depression, as the mechanisms of the association of depression with built environment have not been adequately studied. 37 Although further studies are warranted, the public health implications of this ecological study is that the development of community social capital and an environment in which more social exchanges occur may contribute to not only overall depression prevalence, but may also address socioeconomic inequalities. [38] [39] [40] For example, using instrumental variable analysis, Hikichi et al identified the association between participation in "community salon" activities-local activities providing social gathering opportunities, which were run by community volunteers-and improved functional ability among an older Japanese sample. 41 Hirai et al found that poorer individuals were more likely to participate in those "salons," suggesting that those interventions may help reduce incomebased inequality in physical and mental health. 42 We found potentially stronger associations among men compared to women. This might be because of larger differences in the depressive symptoms displayed by men. Alternatively, the impact of social interactions on depression may be weaker among men. 43 There are five main limitations in our study. As we have discussed above, the results of this ecological study include both contextual and compositional associations. 44 However, the present study was successful, as we have found several hypothetical factors associated with inequalities in depressive symptoms, which provide important perspectives for more detailed and sophisticated analyses in the future. 45 Further studies should use a multilevel modeling approach and examine if these local community factors may be associated with individual incidence of the depressive state and if income levels modify the associations. Second, we have not incorporated lagged associations between the community environment and mental health. 46 Future studies should use longitudinal data. Third, the random error of estimated inequality measures might be large in small communities, due to small sample sizes. Fourth, we repeated regression analyses with various independent variables, which increases the chances of type I error. Nonetheless, this is trivial, as the primary purpose of this study was to identify potential community factors associated with mental health inequality. Fifth, the PPV of GDS-15 using a cut-off score of 10 is low. Thus, there is a possibility of misclassification bias of depressive symptoms. However, a previous study has pointed out the low specificity of detecting depression using a lower cut-off point. 47 Therefore, we adopted the cut-off of 9=10, following a previous Japanese study. 3 Furthermore, since similar associations were found from sensitivity analyses using a cut-off of 4=5, the main results might not be so distorted.
Conclusion
Future studies aiming to identify community-level factors contributing to the reduction of inequalities in mental illness should consider an environment promoting community participation and social relationships, as well as changes in community macroeconomic statuses. Tackling health inequalities has increasingly become an important public health activity worldwide. 48, 49 Further research is needed to discover triggers for reducing health inequalities in the depressive state among individuals with different income levels and to identify effective interventions.
